The hexane extracts of leaf and seed of Hypericum scabrum which were collected from northwestern Iran were obtained by Soxhlet apparatus. The fatty acids were derived to methyl esters and determined by gas chromatography/flame ionization detector (GC/FID) and gas chromatography/mass spectrometry (GC/MS) systems. The hexanic extract from the seed and leaf contained ω-3 (37.6 and 43.2% respectively). The other main components of the leaf and seed extracts were ω-6 (3.4 and 6.9%), Bis (2-ethylhexyl) phthalate (5.8 and 35.7%) and Nonacosane (3.7 and 3.9%) respectively. The hexane extracts of leaf and seed from H. scabrum detected as an important source of ω-3 and ω-6 compounds among several Hypericum species. The antimicrobial activity of the extracts of both samples were determined against seven Gram-positive and Gram-negative bacteria (Bacillus subtilis, Enterococcus faecalis, Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Pseudomonas aeruginosa and Klebsiella pneumoniae) as well as three fungi (Candida albicans, Saccharomyces cerevisiae and Aspergillus niger). The bioassay showed that the oil exhibited moderate antimicrobial activity. The antioxidant activity of those hexane extracts was evaluated by 1, 1-diphenyl-2-picrylhydrazyl (DPPH) method. The results indicate that hexane extracts from different parts of H. scabrum possess considerable antioxidant activity. The highest radical scavenging activity was detected in seed (IC 50 = 135 μg/ml). This study reveals that the hexanic extracts of leaf and seed from this plant are attractive sources of ω-3 and other fatty acid components especially the essential ones as well as of effective natural antioxidants.
INTRODUCTION
The genus Hypericum (family: Hypericaceae) is composed of shrubs or herbs usually with translucent glands containing essential oils and sometimes red or black glands containing hypericine (Robson, 1967) . This genus is represented in Iran by seventeen species including three endemics (Mozaffarian, 2007) . Hypericum species are medicinal plants known as healing herbs. The whole plant extract has antidepressive effects on neurotransmitter levels in the brain (Bloomfield et al., 1996) . The antimicrobial (Sokmen et al., 1999) anticarcinogenic (Kamuhabwa et al., 2000) and antidepressive (Stevenson and Edzard, 1999 ) activities of these plants are currently under investigation. Hypericum perforatum L. is the source to one of the most manufactured and used herbal preparations in recent years especially as a mild antidepressant and thus is the most studied Hypericum species (Ernst, 2003; Hansel and Sticher, 2003) . H. perforatum has a wide range of uses such as a dye, flavoring, food and as a medicine to treat nervous conditions. It has also been used in wound healing, the treatment of gastric ulcers as an antifungal, antiviral agent and for the treatment of several other diseases in Iran folk medicine as well as in different parts of the world. Hypericum species are generally known locally in Persian with the names "Hofarighon, Alafe chai and Gole raei" (Zargari, 1985) . The phytochemistry of Hypericum species is diverse with flavonols (catechines), xanthones, coumarins, glycosides, anthraquinones, phloroglucinols, flavonoids, flavonol glycosides, lactones, pyrones, lipids, triterpenes, tannins and essential oils (Bombardelli and Morazzoni, 1995; Hegnauer, 1989; Erken et al., 2001; Ferraz et al., 2005) .
H. balearicum M. A. Curtis is the sole representative of section Psorophytum and forms dense shrubby formations on dry rocky slopes of the Balearic Islands. The plant is characterized by strongly glandular leaves and stems which have a warty appearance and a pungent resinous scent (Robson, 1985) . Although this species lacks the naphthodianthones hypericin and pseudohypericin which lend glands of many other Hypericum species, their characteristic blood-red color, previous researchers have isolated simple anthraquinone derivatives (for example emodin and frangulin), as well as triterpenes, flavonoids and xanthones from the aerial material (Wollenweber et al., 1994; Decosterd et al., 1987) . The roots of H. roeperanum are utilized in the form of a decoction in East African traditional medicine to cure female sterility and have been shown to contain numerous xanthones, although the aerial material has not yet been studied (Rath et al., 1996) . H. roeperanum WG. Schimper ex. A. Rich. a tall shrub, whose native habitat includes the margins of forests and grasslands in central and eastern Africa, belongs to the morphologically most primitive section Campylosporus of the genus Hypericum. Glands occurring on both floral and vegetative portions of the plants in this section have been noted to contain naphthodianthrones (Robson, 1985) , while phloroglucinols derivatives and coumarins have been described specifically from H. revolutum (Decosterd et al., 1987; Angedu et al., 1999) . The fatty acid constituents of H. scabrum have been studied in Turkey previously. It was reported that α -linolenic (48.6%), linoleic (32.5%) and oleic (11.4%) acids represent the major constituents of the hexanic extract of this plant (Ozen and Bashan, 2003) .
To the best of our knowledge, this is the first report on the hexanic extract from leaf and seed of H. scabrum and those antioxidant and antimicrobial activities from Iran.
MATERIALS AND METHODS

Plant materials
Leaf and seed of H. scabrum were collected separately in the Khalkhal-Lonbar road (Ardabil province) area at an altitude of 1850 m in July 2009. A voucher specimen (H-314) is kept at the Herbarium of Agriculture Research in Ardabil Center, Iran.
Extraction
Dried and powdered materials (leaf and seed) were extracted with hexane using a Soxhlet apparatus (70°C, 3 h) to obtain the fatty Shafaghat 905 acids and the other apolar components. During extraction procedures, Merck hexane (98%) was used. The extracts were concentrated by rotary evaporator under vacuum at 45°C. The extraction yields were presented in Table 2 .
Methylation of hexane extract
After removing hexane using rotary evaporator, the oily mixtures were derived to their methyl esters by the International Olive Oil Council (IOOC) (2001) and IUPAC (1992) reports by transesterification process. In this process, dried hexane extracts were dissolved in hexane and then extracted with 2M methanolic KOH at room temperature for 60 s. The upper phases were analyzed by GC/FID and GC/MS systems.
GC analysis
GC analysis was performed on a Shimadzu 15A gas Chromatograph equipped with a split/splitless injector (250°C) and a flame ionization detector (250°C). N2 was used as carrier gas (1 ml/min) and the capillary column used was DB-5 (50 m × 0.2 mm, film thickness 0.32 µm). The column temperature was kept at 60°C for 3 min and then heated to 220°C with a 5°C/min rate and kept constant at 220°C for 5 min. The relative percentages of the characterized components are given in Table 1 .
GC/MS analysis
GC/MS analysis was performed using a Hewlett Packard 5973 with an HP-5MS column (30 m × 0.25 mm, film thickness 0.25 µm). The column temperature was kept at 60°C for 3 min and programmed to 220°C at a rate of 5°C/min and kept constant at 220°C for 5 min.
The flow rate of helium as carrier gas was 1 ml/min. MS were taken at 70 eV. The fatty acids were identified by comparing their retention times and mass peaks with those of standard methyl ester mixtures and by NIST-Wiley library data search. Relative percentage amounts were calculated from peak area using a Shimadzu C-R4A chromatopac without the use of correction factors.
Antioxidant activity tests
The DPPH assay was carried out according to the modified method of Cheung et al. (2003) . Briefly, 0.5 ml of DPPH in ethanol (0.1 mM) was added to 1 ml of hexane extract in different concentrations (0.1 to 1.6 mg/ml) and kept in the dark for 10 min. The absorbance of the resulting solution was recorded on a spectrometer at 520 nm against a blank of hexane. Vitamin C was used as reference antioxidant. DPPH scavenging activity was expressed as IC50 values (μg extract/ml) for comparison. IC50 value of each sample defined as the concentration of sample required for the 50% decrease in absorbance of the blank was calculated.
Antimicrobial activity
The in vitro antibacterial and antifungal activities of the extracts were evaluated by the disc diffusion method (DDM) using MuellerHinton agar for bacteria and Sabouraud Dextrose agar for fungi (Baron and Finegold, 1990) . Discs containing 30 μL of the hexanic extracts were used and growth inhibition zones were measured after 24 and 48 h of incubation at 37 and 24°C for bacteria and fungi, respectively. Gentamicin and tetracycline for bacteria and nystatin for fungi were used as positive controls. The 
RESULTS AND DISCUSSION
The results obtained in the analyses of the hexane extract of H. scabrum leaf and seed are listed in Table 1 in which the percentage and retention time of components are given. According to the results, the hexane extract yields of the studied different part of H. scabrum were found 2.9% (leaf extract) and 3.8% (seed extract) on the basis of dry weight of the plant materials. The highest total percentage was detected in seed. The total fatty acid contents of hexane extracts varied from 97.3 to 98.9% (Table 1 ). The major saturated and unsaturated components including linolenic (ω-3), linoleic (ω-6) and palmitic acids are shown in Table 1 . The major polyunsaturated fatty acids (PUFAs) were α-linolenic and linoleic acids. As can be seen in Table 1 , about 98.9% (14 components) of the extract from seed and 98.8% (40 components) of the leaf were identified. There were some differences in the fatty acid profiles of the different part of this plant. Palmitic acid was detected only in leaf of H. scabrum and not found in the seed extract. The unsaturated fatty acid contents were higher than saturated ones, whereas, some of the fatty acids were not observed in all parts of this plant. In fact, all fractions mainly include unsaturated fatty acids, with a clear predominance of α-linolenic acid (ALA), linoleic acid (LA) and oleic acids. One of the essential fatty acids (EFAs), ALA (α-linolenic acid) was a predominant component in leaf and seed of H. scabrum. Linolenic acid is an omega-3 fatty acid ranging from 37.6 to 43.2% in this work. The ratios of unsaturated fatty acid (UFA)/SFA (saturated fatty acid) were 2.5 and 13.9 in extract from leaf and seed, respectively ( Table 2) . Seed of H. scabrum had a higher proportion of UFA compared to leaf part. Bis (2-ethylhexyl) phthalate was detected in a high amount in seed (35.7%) as an ester derivatives obtained from extract of this plant. Some terpenoid compounds were found in leaf (9.5%) and seed (4.3%) as essential oil components (Table 1 ). The antioxidant activity of hexane extracts was also reported for the first time. Results obtained in the antioxidant study of the samples are shown in Table 3 . Antioxidant activity was tested according to the DPPH (2, 2-diphenyl-1-pycrylhydrazile) radical scavenging method. The oils from leaf and seed obtained from H. scabrum scavenged the DPPH radical in a dose-dependent manner and the DPPH radical scavenging activity (IC 50 ) was decreased in the following order: seed > leaf (Table  3 ). According to this data, seed was the most efficient free radical scavenger by the lowest IC 50 value of 135 μg/ml among those hexane extracts. The activity of the reference antioxidant (vitamin C) was much higher than that of seed oil. Although seed oil did not differ considerably in fatty acid composition, it exhibited the best DPPH scavenging activity. The extracts of leaf and seed from H. scabrum was tested against four Grampositive and three Gram-negative bacteria as well as three fungi. The results presented in Table 4 show that the hexane extracts exhibited moderate biological activity against all tested fungi and bacteria except for two resistant Gram-negative bacteria, K. pneumoniae and P. aeruginosa, as well as a fungi, A. niger. The most sensitive microorganisms were B. subtilis and E. coli with inhibition zones of (15.5 to 20.7) and (15.5 to 17.2) mm, respectively. Other microorganisms were found to be less sensitive to the extracts with inhibition zones ranged from
